A methodology for evaporating human urine from dry toilets using gravity-drainage through vertically stacked plastic 'cafeteria-type' trays was tested. A thin layer (500 g) of medium-grained sand on the bottom of each tray enhanced evaporation, ammonia stabilization and solid product removal. A prototype laboratory unit initially evaporated up to 8.5 L m À2 d
INTRODUCTION
Rural sanitation systems based on the separation of urine and feces from the toilet onward (a.k.a. urine diversion [UD] or urine source separation; Larsen & Gujer ;
Hanaeus et al. ; Hellstrom & Johansson ) offer some very distinct advantages over traditional urine-feces mixed (a.k.a. blackwater) systems. Urine and feces have several important differences that make their separation advantageous to each. Urine has a much higher water content than feces (96% vs 70%) which, when combined with the annual rates of per capita production (500 L of urine vs. 50 L of feces), makes the onsite disposal or transport of urine challenging (Del Porto & Steinfeld ). Nutrient recovery from urine is also safer than from feces (which contain relatively high numbers of pathogens; Schonning & Stenstrom ), although some pathogen cross-contamination to urine can occur at the UD toilet (Schonning et al. ; Höglund et al. ) . Finally, source-separated feces are drier, less odorous, and are more easily stabilized or composted than feces mixed with urine (Hill et al. ) .
Urine is a saline (3.5%), normally sterile solution containing soluble salts, nutrients and organic compounds dominated by the nitrogen-rich urea. Immediately after urine exits the human body it enters a non-sterile environment and undergoes a spontaneous, irreversible process called urea hydrolysis (Warner ; Andrews et al. ) .
This conversion of organic urea nitrogen to inorganic ammonia leads to a dramatic pH increase from about 6 to 9 In this study, laboratory prototype testing evaluated the rate of passive urine evaporation, and the natural processes affecting major ions as the urine evaporated first to a saline brine, and then to a solid. The prototype evaporation system used standard, off-the-shelf, plastic cafeteria trays stacked vertically and with urine flow via gravity drainage from one tray to the next. A sand layer in each tray was used to enhance evaporation by 'wicking' liquid urine for even distribution on each tray. The sand was also intended to facilitate the stabilization of ammonia by creating oxidizing conditions necessary for oxidation of ammonia to nitrite and nitrate (nitrification) and facilitate the removal of solid urine product from the trays by making the urine product less sticky on the bottom of the tray.
METHODS
The evaporation unit consisted of standard size (25.4 cm × 38.1 cm) cafeteria trays stacked vertically in a vertical frame (Figure 1 ). Varying numbers of trays were used to The effect of evaporation on ion concentrations was separated out from processes by means of 'evaporationcorrected' relative concentrations using Cl as a tracer.
Chloride is an appropriate, conservative tracer, except at high concentrations when halide precipitation occurs (Appelo & Postma ) . When saturation indices (estimated using AquaChem ® ; Schlumberger Inc) indicated halide minerals (e.g. halite, sylvite) were under-saturated, the evaporation-corrected concentrations of non-Cl parameters were estimated as parameter 'X' was estimated as: Total heterotrophic plate counts were conducted using one mL of solution from deionized water extractions of the solid product (as described above).
RESULTS AND DISCUSSION
A total of 782 L of stored urine ('Input') were pumped onto the cafeteria trays over a period of 81 days (average rate 9.75 L d À1 ; , an estimated 60% of the nitrogen species would be in the NH 3 form and 40% in the NH 4 form (Clegg & Whitfield ) . In the final tray sampled on Day 21 (Figure 4(a) ), the lower pH of 7.5
suggests less than 5% of the NH 4 /NH 3 would be present as NH 3 (Clegg & Whitfield ) . Decreased ammonia losses during evaporation likely result in a less odorous urine brine with increasing evaporation or flow through is the last tray, and the outlet is the final capture vessel. Non-detectable calcium concentrations are plotted as half of the detection limit (0.1 mmol L À1 ). Data for EC, TOC, alkalinity, NO2, and PO4 were not analyzed for the Day 81 sampling event. Magnesium is not included since it was not detected. In Figure 4 (b), values greater than one indicate the evaporation-corrected concentration has increased relative to the input concentration of that parameter, whereas values less than one suggest the it has decreased relative to the input concentration (by biochemical reaction, mineral precipitation, or volatilization). 
À1
Fraction % Urea (NH 2 ) 2 CO 550 0 0 n/m n/a n/a n/a n/m n/a n/a n/a n/m n/m n/a 9.1 n/a 9.2 1 n/a n/a 7.5 1 n/a n/a n/a n/a n/a Alkalinity (mg L À1 CaCO 3) 22 490 n/a 420 1 n/a n/a 929 1 n/a n/a n/a n/a n/a COD (mg L À1 ) 10,000 10,000 n/a 4,570 1 n/a n/a 29,3000 1 n/a n/a n/a n/a n/a a Ciba Geigy (1977) as reported in Udert (2003) . 
